The multi-point Thomson scattering (MPTS) diagnostic measures the profiles of the electron temperature T e (R) and density n e (R) on the horizontal midplane of NSTX.
Introduction
The multi-point Thomson scattering, MPTS, diagnostic provides the electron temperature and density profiles and line integrated density needed for the routine operation of NSTX. 1 In its current configuration it uses two 30-Hz Nd:YAG lasers operating at the fundamental harmonic of 1064 nm. The laser beams travel on the horizontal midplane providing profile measurements spanning 92% of the major radius of the machine aperture. A spherical mirror optics collects the scattered light along the path of each laser and focuses it on 36 fiber bundles, 29 of which are instrumented with one or two filter polychromators, for a total of 30 radial channels presently operational. The scattering geometry corresponds to the arrangement frequently seen, where a linearly polarized laser beam has its electric field perpendicular to the scattering plane. The density calibration relies on laser scattering in gas. The filter arrangement of a subset of the polychromators permits detection of both Rayleigh and Raman scattering light in three separate spectral channels. An alignment of the laser beams with the collecting optics normally precedes the laser scattering calibration. A primary alignment is done using a reference helium-neon laser and fiber bundle back illumination; this work is usually done one or two months prior to start of plasma operation, when access to the vacuum vessel is possible. When the vessel is under vacuum, the collection optics and the Nd:YAG laser beams are moved in small steps in order to ascertain the stray laser light. About three weeks prior to plasma operation a final alignment is performed by sending the two laser beams into the vessel, which has been filled with 50 Torr of nitrogen previously left overnight in order to let the dust settle. This alignment is based on Raman scattering because of its immunity to stray laser light. A Raman scattering calibration is immediately performed once the alignment is optimized. The vessel is then pumped down to 1.5 Torr and a Rayleigh scattering calibration is done. The pumping to reduce pressure from 50 Torr to 1.5 Torr has been found usually not to stir up dust. Sometimes argon is also used for Rayleigh scattering calibration at a pressure of 1.5 Torr. A recent modification has been the installation of a polarizer on the viewing optics. The proper orientation has been verified using Raman scattering. The ratio of with-, withoutpolarizer signals matches the expected 4/7, when the insertion loss is included in the calculation.
We can see in Fig. 1 
Global geometric factor
If one writes down the equations needed to calculate the signal resulting from Rayleigh, Raman or Thomson scattering, one finds a common factor of the form G=ΔL ΔΩ T C .
This global geometry factor parameter, which is needed for the evaluation of the local electron density measured by Thomson scattering, folds in the details of the alignment of a laser beam with the viewing optics: ΔL is the beam path observed, ΔΩ is the solid angle of light collection and T C is the transmission coefficient of the collecting optics. The G profile is a function of major radius R and is different for each laser. Based on Rayleigh scattering one finds
Here λ Ry is the scattering wavelength, which for Rayleigh scattering is the laser wavelength λ 1064 of 1064 nm, (QT P ) Ry corresponds to QT P evaluated at λ Ry , v Ry is the fast electronic signal, C FB is the effective feedback capacitance of the transimpedance amplifier, (dσ/dΩ) Ry is the differential cross section, n Ry is the gas density, E l is the laser pulse energy, M is the APD gain, g is the fast electronics gain, e is the electron charge, h is Planck's constant and c is the speed of light in vacuum. More information about the MPTS detection electronics can be found elsewhere. 4 Similarly one finds the following expression for the evaluation of G from Raman scattering measurement.
Here λ Rmj is the wavelength of anti-Stokes Raman lines, (QT P ) Rmj corresponds to QT P evaluated at λ Rmj , (dσ/dΩ) Rmj are the corresponding cross sections, n Rm is the gas density and v Rm is the fast electronic signal. F j is the fraction of the molecule density 3 that is in the upper state responsible for rotational line j. Raman scattering measurements of G can be made with the 1058-nm and the 1048-nm spectral channels.
Rayleigh scattering
Since, somewhat surprisingly, the author was not able to find a published measurement of the Rayleigh cross section for nitrogen or argon at 1064 nm, estimates were made based on published data at lower wavelengths, by extrapolating to 1064 nm using the familiar 1/λ 4 scaling. Figure 2a shows such scalings based on measurements for nitrogen and argon done by Sneep et al. 5 at 532 nm -frequency doubled Nd:YAG laser -and by
Rudder et al. 6 done at 694.3 nm -ruby laser. The data published by Sneep et al. is the total Rayleigh cross section, which was converted to differential cross section using
where ρ 0 is the induced depolarization fraction for natural incident light. The latter was calculated based on the expression γ etendue of MPTS's backscattering geometry, 11 and could come from the QT P calibration procedure, which at the moment does not involve the collection optics. While it is important that the latter concern be resolved, the good match between G(R,1064) and 
